The genus Liriodendron contains only two species, Liriodendron tulipifera Linn., which is distributed in North America and Liriodendron chinense (Hemsl.) Sarg., which is found in South China. Chemical investigation of L. tulipifera resulted in the characterization of alkaloids [1a] , sesquiterpenes [1b,1c] , and phenylpropanoids [1d] . However, only one chemical study of L. chinense has been reported [1e] and no bioactivity was recorded. The sesquiterpene lactones from L. tulipifera possess cytotoxic and antifeedant activity [2a] . With the aim of screening QR inducers, we tested extracts from various plants. The ethanol extract of L. chinense exhibited good activity in the bioassay and here we describe the isolation and quinone reductase-inducing activity of sesquiterpene lactones from the wood of L. chinense. The positive control compound was 4-bromoflavone.
non-epoxide compounds 1-3, which suggests that the epoxide is an active group for the induction of QR. Compounds 1-6 have not been found previously in L. chinese and no investigation of their quinone reductase-inducing activity has been reported previously.
Experimental
Plant material: L. chinense, identified by the authors, was collected from Pan'an, (China) in July 2007. A voucher specimen (LC070701) has been deposited in the herbarium of Zhejiang University.
Extraction and isolation:
Dried wood of L. chinense (10 kg) was extracted with 95% EtOH and concentrated to dry extract (398.4 g). After suspension in H2O, the mixture was sequentially partitioned with light petroleum, CH2Cl2, EtOAc, and n-BuOH. The CH2Cl2 extract (152.1 g) was fractionated on a silica gel column using light petroleum -EtOAc. Fraction 44 (100: 50) gave pure 1 (12 mg) after recrystallization from EtOAc. Fractions 43 (100 :30) were fractioned on a ODS column using MeOH-H2O. Subfraction 43G was subjected to HPLC separation eluting with acetonitrile-H2O (40% to 70%, 0 to 30 min), to yield compounds 6 (24 mg, tR = 13.6 min), 3 (14 mg, tR = 15.5 min) and 2 (16 mg, tR = 18.0 min). Fractions 14 to 23 (100: 20) were combined and subjected to HPLC separation eluting with acetonitrile-H2O (70% to 100%, 0 to 30 min), to yield compounds 5 (15 mg, tR = 22.2 min) and 4 (13 mg, tR = 23.6 min).
Cell cultures and cytotoxicity analysis:
The human hepatocarcinoma cell lines Hepa lclc7 were cultured in DMEM medium and seeded in 96-well tissue culture plates, and maintained in a humidified atmosphere of 5% CO2 and 95% air at 37ºC for 24 h before experimentation. Cells in a logarithimic growth phase were harvested, diluted to 10 4 cells/mL. Test samples were dissolved in DMSO, transferred into the microtiter plates and maintained for 24 h. The cytotoxicity of all tested samples was assayed using the in vitro methyl thiazolyl tetrazolium (MTT) reduction assay. For QR induction experiments, test samples dissolved in DMSO were transferred into the microtiter plates and maintained for 24 h. After the incubation period, medium was then decanted and added 50 μL digitonin (0.8%, w/v)-EDTA (2 mM) solution (pH 7.8) to each well and incubated for 10 min. Then added 200 μL of "reaction mixture solution" [2c] following 0.2 μL menadione (50 mM) solution and maintained for 5 min. The reaction was quenched by adding a solution (50 μL) of 0.3 mM dicoumarol in 0.5% DMSO and 5 mM potassium phosphate, pH 7.4. The pure formazan product was solubilized in 150 μL DMSO for 10 min at room temperature and then the plate was read at 590 nm in a plate reader. QR induction activity of a sample tested at a given concentration was determined from the ratio of absorbances obtained in the presence of test sample after subtracting the absorbance of the blank well. IR (Induction Ratio) of a sample tested was calculated as: QR sample /QR control . If IR <=2, the compound is not active. If IR >=2 and cell viability <50%, a solutions were prepared by two-fold dilution and exposed to cells as mentioned above.
